ABSTRACT A human cell line (U937) can be stimulated to produce a soluble factor (MCF) by either lectin-activated T lymphocytes or their soluble products. In prior studies, we showed that MCF produced by peripheral blood mononuclear cells can increase production of collagenase and prostaglandin E2 by adherent synovial cells obtained from enzymatically dispersed rheumatoid synovium. We show here that peripheral blood T lymphocytes or cloned human T lymphocyte lines are capable of inducing MCF production by the monocyte-like U937 cells. MCF can be demonstrated in the supernatant fluid from cocultures of U937 cells and T lymphocytes that have been stimulated with phytohemagglutinin or concanavalin A for hr. In addition, the supernatant fluid from 24-hr lectin-stimulated T lymphocytes can be transferred onto the U937 cells and subsequently, MCF activity can be recovered from the U937 culture medium. The activity of the soluble T cell product on the U937 cells is both time-and dosedependent. A human cell line capable of MCF production in continuous culture has not been previously available. The use of a monocyte-like cell line (U937) and cloned T lymphocytes now makes it possible to demonstrate the role of discrete cell populations in the production of MCF and other mediators.
The inflammatory lesion of rheumatoid arthritis is composed of a variety of interacting cells including monocytes and lymphocytes (1, 2) . The invading pannus of active rheumatoid arthritis is considered to be the site of production and release of degradative enzymes that contribute to the tissue destruction characteristic ofthe disease (3) . We have used an in vitro model system consisting of enzymatically dispersed adherent cells from the synovium of rheumatoid patients to study selected cellular interactions in synovial tissue (4) . Primary synovial cultures produce high levels of collagenase and prostaglandin E2 (PGE2). With passage of the adherent cells, basal levels decrease but can be increased in the presence of a mononuclear cell factor (MCF) derived from peripheral blood monocytes/ macrophages. The latter are stimulated to produce increased amounts of MCF when exposed to aggregated IgG, the Fc portion of IgG, concanavalin A (Con A) (5), or native human collagens (6) . MCF production is also modulated by interactions involving lymphocytes and monocytes (7) . Whereas purified monocytes release MCF activity, T lymphocytes alone release undetectable amounts. However, only the unfractionated, mixed population of cells increases MCF production upon exposure to lectins, suggesting a lymphocyte-monocyte interaction.
Studies to further clarify the role of this interaction in the regulation of MCF production have been hampered by the unavailability of fully defined monocyte and lymphocyte populations devoid of contaminating cells. In addition, the isolation and purification of MCF have been impeded by the lack of a human cell line that produces MCF in continuous culture. MCF is now available only in small quantities and has not been purified to homogeneity. An established human cell line with macrophage characteristics, designated U937, was originally described by Sundstrom and Nilsson (8) . An influence of lectinstimulated T lymphocytes or their products on the structure as well as certain functions of U937 cells has been shown (9) (10) (11) (12) (13) .
In this report we describe the results of experiments that indicate that, although no basal MCF activity is detected in the medium from U937 cells alone, lectin stimulation ofperipheral blood lymphocytes or cloned T lymphocyte lines is associated with the release of a soluble factor that stimulates U937 cells to produce MCF activity. The MCF activity is detected by analysis ofcollagenase and PGE2 in culture medium from adherent rheumatoid synovial cells exposed to the cell-free supernates of the U937 cells.
MATERIALS AND METHODS
Cells and Cell Culture Conditions. U937 cells (a gift of R. Snyderman, Duke University) were maintained in stationary suspension culture in Iscove's modified Dulbecco's medium (IMD medium) (GIBCO) with 10% fetal calf serum, 50 gM 2- mercaptoethanol (Eastman), penicillin at 100 units/ml, and streptomycin (GIBCO) at 100 ,g/ml. Cells were incubated at 37°C in a humidified atmosphere of 5% C02/95% air.
Peripheral blood lymphocytes from a normal donor were obtained from a buffy coat preparation supplied by the Massachusetts General Hospital Blood Bank. A mononuclear cell layer was prepared by centrifugation on a Ficoll/metrizoate (Lymphoprep; Nyegaard, Oslo, Norway) gradient at 400 X g for 40 min at 20°C and depleted ofadherent cells by incubation for 1 hr at 37°C in plastic tissue culture dishes (Falcon). A T lymphocyte-enriched population was obtained by serial passage through two nylon columns.
Human T lymphocyte clones were produced by limiting dilution in the 20-,ul wells of Terasaki plates at an average of one cell per 10 wells. Ficoll/metrizoate-separated peripheral blood mononuclear cells were maintained in culture for 3 days in medium containing RPMI 1640, 5% pooled human serum, antibiotics, and phytohemagglutinin (PHA) (Leucoagglutinin; Pharmacia, Uppsala, Sweden) at 1 ,ug/ml. Lymphoblasts were then grown for 1 wk in interleukin 2 (IL 2)-containing medium derived from stimulation of human tonsil cells with PHA for 24 hr (14). The T lymphoblasts were then plated in the limiting dilutions together with 104 irradiated (6, Assays. PGE2 levels in culture fluid were determined by a radioimmunoassay that uses an antiserum with specificity for PGE2 (kindly provided by L. Levine, Brandeis University) (17) . Collagenase activity (4, 5) was detected in the same samples after activating latent collagenase with trypsin treated with Ntosylphenylalanine chloromethyl ketone (TRTPCK; Worthington). This was followed by treatment with soybean trypsin inhibitor (SI; Worthington) and use of film substrates consisting of 14C-labeled acetylated collagen film from rat tail tendon (18) ; the assay incubation temperature -was 38.50C and incubation was usually carried out for [4] [5] [6] 
RESULTS
When adherent synovial cells were exposed-to conditioned medium from cultured U937 cells alone, there was no detectable increase in levels ofcollagenase or PGE2. However, when peripheral blood T lymphocytes were cocultivated with U937 cells in the presence of PHA, their conditioned medium markedly stimulated the synovial cells, as measured by increased PGE2 levels (Table 1) . Neither U937 cells exposed directly to PHA nor these T lymphocytes cocultured with U937 cells without PHA released stimulating (MCF) activity. Accompanying this increase in-production of MCF activity was a change in the appearance of the U937 cells, including an increase in cell size and formation of ruffled borders, membrane processes, and intracellular vacuoles similar to that previously described (9, 12) . Although some cells attached to and spread on the plastic culture dishes, they could readily be dislodged. In these, as in our previously reported experiments, the possible contribution of small numbers ofcontaminating monocytes in the T lymphocyte preparations could not be controlled.
We therefore utilized preparations of cloned lectin-or antigen-activated T lymphocytes grown in the presence of crude IL 2. Because these T lymphocyte preparations were derived from a single cell, monocytes could not be present in the dividing cell population. With a T lymphocyte clonal line bearing the OKT4 marker, MCF activity was detected only in supernatant medium from the coculture ofcloned T lymphocytes and U937 cells in the presence of PHA or Con A, as shown in Table  2 . Furthermore, PHA and Con A were equally effective stimulators in the coculture system. However, the effects of these two lectins on the isolated cloned human T lymphocytes were different. Although the addition of PHA to cocultures of T lymphocytes and U937 cells was associated with MCF activity, no detectable activity was present when cloned T lymphocytes alone were incubated with PHA. In contrast, the' addition of Con A to T lymphocytes was associated with detectable MCFlike activity in the medium, although considerably less than that We next determined whether the observed effects on U937 cells required cell-cell contact. When U937 cells were exposed to cell-free supernates from lectin-stimulated peripheral blood (data not shown) or cloned T lymphocytes, MCF activity was present in the conditioned medium, as measured by collagenase and PGE2 levels in adherent synovial cells incubated with this medium (Table 3) . The effects of the T lymphocyte medium on U937 cells were dependent upon the time ofexposure and were dose-related (Fig. 1) .
Prior studies of U937 cells incubated with T lymphocyte-culture supernates have usually shown increases in cell functions (9, 12) , membrane receptor numbers (9-11), or the generation of tissue factor (13). We therefore asked whether U937 cells exposed to the conditioned medium from lectin-stimulated T lymphocytes altered the secretion of other proteins in a direction opposite to that of MCF activity. We elected to measure the production of lysozyme-a monocyte/macrophage marker-because previous studies with cocultures of peripheral blood lymphocytes and monocytes revealed a decrease in lysozyme as MCF activity was increased (7). Results presented in Table 4 confirm this observation in the defined cell system. Lysozyme was reduced by -65%, associated with a marked increase in MCF activity, in cocultures of cloned T lymphocytes and U937 cells incubated with PHA. Experiments then were carried out to determine ifthe T lymphocyte effects were restricted to those cells possessing helper/ inducer markers (OKT4). As shown in Table 5 , effects similar to those with OKT4 lymphocytes were observed with a T lymphocyte that was OKT8-positive (suppressor/cytotoxic marker) and OKT4-negative. The cell-free supernates from this clone also stimulated the U937 cells.
In other experiments (data not shown) similar results were obtained when uncloned soluble antigen-specific T lympho- free supernates from lectin-stimulated T lymphocytes when added to U937 cells also induce MCF activity. Although some murine systems appear to require lymphocyte-monocyte contact for lymphocyte activating factor (LAF or IL 1) production (19) , others working with murine (20) or rabbit (21, 22) systems also suggest a soluble T cell effect on monocytes.
There are several possibilities that could be raised to explain the T lymphocyte effects on the U937 cells. First, the U937 cell may be considered an immature monocyte in its development, only able to mature to functional capacity in the presence of T lymphocytes or soluble factors. Second, all monocytes may require T lymphocytes to function optimally but this "activation" involves relatively few peripheral blood T lymphocytes, which would be present in sufficient quantity in monocyte-enriched populations as usually obtained. Third, T lymphocytes may exert an effect on monocytes that persists for days after monocytes are removed from their influence.
There are several examples of factors implicated in the maturation of target cells. For example, in the mouse, development of granulocytes and monocytes from stem cell precursors is stimulated by soluble factors (23) . Although there are no prior data with regard to the maturation of normal human monocytes there is evidence that B cell lymphomas, which alone do not produce immunoglobulins, begin to do so in the presence of T lymphocyte factors (24) . It has also been reported that a "prosuppressor cell" leukemia cell under the influence of a T lymphocyte product(s) develops the function ofa suppressor-effector cell (25) . Although the murine macrophage cell line P388D1 produces LAF activity spontaneously, levels can be augmented by coculture with PHA-activated lymphocytes (19) . However, P388D1 cells can also be stimulated directly with phorbol 12-myristate 13-acetate (26), or lipopolysaccharide (27) . Although partially purified preparations of MCF and LAF have common functional and structural properties (28), IL 1 production by U937 cells stimulated with lipopolysaccharide was not demonstrated (29) . Furthermore, in our own studies, the medium from U937 cells stimulated with conditioned medium from lectin-treated cloned T lymphocytes, which had MCF activity, lacked LAF activity. However, preliminary studies with such medium chromatographed on Ultrogel AcA54 columns showed that LAF activity was indeed present in the T lymphocyte-stimulated U937 medium and was coeluted in the same fractions that contained MCF activity. The apparent molecular weight of this activity is consistent with that described for MCF derived from human peripheral blood mononuclear cells (30) . The presence ofan inhibitor/suppressor substance that was eluted in fractions of higher molecular weight may account for the masking of the LAF activity in the unfractioned conditioned medium.
Because MCF activity was measured in conditioned medium from Con A-, but not PHA-, treated cloned T lymphocytes of either the OKT4 or OKT8 subsets. However, the MCF activity produced by U937 cells after stimulation with conditioned medium from Con A-treated T lymphocytes was orders of magnitude greater than that seen in the conditioned medium from the Con A-stimulated cloned T lymphocytes alone. In addition, medium from PHA-stimulated T lymphocytes alone had no detectable MCF activity but when added to U937 cells stimulated de novo MCF production to a level comparable to that obtained with medium from Con A-stimulated T lymphocytes.
The observations with Con A-stimulated T lymphocytes may be explained by at least three possibilities. First, a small contamination with irradiated monocytes from the original "feeder" layer might be activated by the T lymphocyte factor when the more potent lectin Con A is used. However, the cloned T lymphocytes used in these experiments had been passaged from the feeder cells for 2-3 wk and had proliferated to an extent where the T lymphocytes would outnumber the peripheral blood mononuclear cells by a factor of 1O3-104. Cloned T lymphocytes proliferate in response to Con A or PHA only ifirradiated monocytes are present (14) , but at the time the T lymphocytes were assayed for MCF there was no detectable Con A-induced increase in the number of T lymphocytes, demonstrating monocyte depletion of the T lymphocyte cultures. Furthermore, by flow cytometer analysis, cells other than T lymphocytes derived from a single clone were not detected. Another possibility is that some residual monocyte-derived membrane antigen(s) (like Ia antigens?) may act in concert with Con A, but not PHA, to stimulate the production of a lymphocyte factor with MCF-like activity. A third possibility is that the levels of the T lymphocyte factor produced by Con 
